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Abstract
Twelve patients aged between 2 weeks and 22 months (median 6 weeks) with atrioventricular septal defects were examined with a 15 T, whole body, magnetic resonance imaging system. Ten patients had a common atrioventricular orifice (complete defect) while two patients had separate right and left valve orifices (partial defect). Associated cardiac malformations included the tetralogy of Fallot in two, isomerism of the right atrial appendages and pulmonary atresia in two, and right isomerism and double outlet right ventricle in one. All had previously been examined by cross sectional echocardiography. Eight subsequently had angiography and six underwent surgical correction. There was one operative death and three other deaths. Three of these patients underwent postmortem examinations. Small children and infants were scanned inside a 32 cm diameter head coil. Multiple electrocardiographically gated sections 5 mm thick, separated by 0 5 mm, were acquired using a spin echo sequence with echo time of 30 ms. A combination of standard and oblique imaging planes was used. Magnetic resonance imaging was more accurate than echocardiography in predicting the size of the ventricular component of the defect. It was also better than either echocardiography and angiography in identifying the presence of ventricular hypoplasia. All We dissected hearts from those patients who died in our series and specimens selected from the cardiopathological museum of the National Heart and Lung Institute to display the anatomy as it would be seen in cross section from imaging planes used by magnetic resonance imaging.
Results
There were no technical problems with this imaging protocol. Oral sedation proved effective in all cases and respiratory depression was not encountered. All the images were of diagnostic quality. The diagnosis of atrioventricular septal defect was most readily made from sections taken in a transverse plane. In patients with a common atrioventricular orifice both the atrial and ventricular components of the defect were identified. The presence of the common valve was detected by seeing that bridging leaflets were all at one level. The demonstration of both ventricles within a single image enabled their relative dimensions to be assessed (figs 2-4). In two patients who had separate right and left atrioventricular valve orifices we saw no ventricular component from this view (fig 3) .
ATRIAL SEPTUM
No atrial septum was identified in the three patients with isomerism of the right atrial appendages. In the remaining nine patients, the atrial septum was shown in images taken in various planes. The oblique transverse plane was of greatest use in identifying the presence and size of the atrial component of the defect (figs 2, 5, and 6). We did not find bridging leaflets attached to the atrial septum, confining the anatomical potential for shunting at the ventricular level, in any of our patients. The four chamber view showed the characteristic "drum stick" appearance of the atrial septum By using various imaging planes we saw and identified the superior and inferior bridging leaflets, together with their attachments to the ventricular septum. From a series of images taken in an oblique transverse plane, we found that the lowermost sections would include the inferior bridging leaflet while more cranial sections would include the superior bridging leaflet (fig 10) . Images from an oblique coronal plane directed along the ventricular septum showed both the bridging leaflets together (figs 7 
and 8).
We attempted to show the atrioventricular valve in the short axis view in oblique sagittal imaging planes. The results were universally disappointing. In only one patient was it pos- sible to see leaflets other than bridging leaflets. It was not possible in this plane to determine whether there was a common orifice or two separate atrioventricular valvar orifices. Papillary mucles within the left ventricle, however, were seen in this view. These were shown to have the superior-inferior relation known to be typical for this malformation (fig  1 1) . Their distal insertions were not identified.
VENTRICULAR DIMENSIONS
The relative ventricular dimensions were assessed accurately in all patients. Oblique transverse imaging planes showed both ventricles side by side in long axis (figs 3, 4, and 6) and oblique sagittal imaging planes showed both ventricles together in an anterior-posterior relation in short axis (figs 11 and 12). Considerable ventricular hypoplasia of the morphologically left ventricle (figs 3 and 12) was shown in one patient and of the morphologically right ventricle in another (fig 4) .
CORRELATION WITH ADDITIONAL INVESTIGATIONS
Six of the 12 patients have undergone corrective surgery. One patient died in the early postoperative period after corrective surgery. A late death occurred in a patient with hypoplastic pulmonary arteries who underwent palliative surgery. Two patients died without operation being performed. Necropsies were performed on three of the four patients who died. In all these cases, the accuracy of the findings at magnetic resonance imaging was confirmed. There were no major disagreements with the angiographic or echocardiographic findings ( agents. In addition, the image signal is not affected by the depth of structures within the thoracic cavity or by the presence of overlying bone or lung.
Our study differs in several important aspects from some of the earlier investigations of patients with atrioventricular septal defects.7' First, because we used a magnet with a higher field strength we were able to study a group of much younger patients.10 This is important because many patients need corrective operation in infancy. Such patients do not always require invasive haemodynamic evaluation. Preoperative investigation is often limited to cross sectional echocardiography.3 Secondly, we made full use of oblique imaging planes. This was not done in earlier studies, which were limited to using only standard orthogonal planes.79 Thirdly, we attempted to identify areas in which magnetic resonance imaging has advantages over existing imaging techniques and which can provide information of practical importance in construction of protocols for management.
Although it is straightforward to diagnose atrioventricular septal defect with magnetic resonance imaging (predominantly from a four chamber view, where the septal deficiency is readily seen), this feature alone is unlikely to be of any great practical use because in most patients the diagnosis will already have been achieved non-invasively with cross sectional echocardiography. The importance of magnetic resonance imaging, therefore, is likely to lie in the ability and accuracy in which it can identify anatomical features that are relevant to operation. It is often difficult to estimate with cross sectional echocardiography the size of the ventricular component of the defect, ifpresent. In some cases, problems can arise in distinguishing between an atrioventricular septal defect with common valvar orifice and a small ventricular component from a defect with separate orifices and no potential for ventricular shunting"-that is when dense attachments between the bridging leaflets and the crest of the magnetic resonance imaging showed both ventricles in close relation to each other and in both short and long axis views, ventricular hypoplasia, when present, was more easily diagnosed.
In all of the patients who had corrective surgery or necropsy, the accuracy of the magnetic resonance images was confirmed and, apart from the areas previously discussed, there was good correlation with echocardiographic and angiographic findings. We have, however, identified some potential weaknesses of magnetic resonance imaging, including a failure to show clearly all leaflets of the atrioventricular valve and to show the insertions of their papillary muscles. Our current experience, therefore, suggests that magnetic resonance imaging can be of value in the management of patients with atrioventricular septal defects when cross sectional echocardiography is the only imaging technique used for evaluation before operation and where the cross sectional echocardiographic findings or the angiographic findings are in dispute. In such cases magnetic 
